In this study, a high-quality voxel model of a Korean adult male was constructed using the Visible Korean Human (VKH) project's serially sectioned anatomical images. The VKH images are transverse color photographs obtained from the serial sectioning of an adult Korean male cadaver (164 cm, 55 kg) at 0.2 mm intervals. A total of 28 organs and tissues were segmented with the color photographic images. The height and weight of the constructed voxel model, VKH-Man, is 164 cm and 59.6 kg, respectively. The voxel resolution of the model is 1.875 mm x 1.875 mm x 2 mm. The developed model was implemented into a Monte Carlo particle transport simulation code, MCNPX, to calculate the organ and tissue doses and, thereby, the effective doses, and the calculated values were compared with the values obtained from other computational models (KTMAN-2, VIP-Man, and ICRP-74).
I. Introduction ‡
The tomographic model, also known as the voxel model, was first reported by Gibbs et al. in the middle 1980s and used for the calculation of effective doses for dental radiology examinations 1) . Since then, most voxel models have been constructed using CT and MR images [2] [3] [4] . In general, CT and MR images provide fairly good information for accurate delineation of organs and tissues, but it is very difficult to distinguish some organs and tissues that share similar properties with neighboring tissues or that are in continuous movement (e.g., ovaries, pancreas, oesophagus, adrenals, thymus, small intestine, heart) [5] [6] . Consequently, subjective decisions are made in the process of delineation, which can impair the integrity of the developed voxel model. Recently, Xu et al. 7) constructed a high-quality voxel model, VIP-Man, based on serially sectioned anatomical images of a male cadaver, but the model represents a very large person (186 cm and 103 kg), and thus cannot be used to represent a Korean male.
In the present study, a high-quality voxel model was constructed using the Visible Korean Human (VKH) project's 8) serially sectioned anatomical images. The VKH images are high-resolution transverse color photographs obtained from the serial sectioning of an adult Korean male cadaver (164 cm, 55 kg) at 0.2 mm intervals. The developed model was implemented into a Monte Carlo particle transport simulation code, MCNPX 9) , to calculate the organ and tissue doses and, thereby, effective doses, and the calculated values were compared with the values obtained * Corresponding Author,Tel. +82-2-2220-0513; Fax. +82-2-2220-4057;E-mail: chkim@hanyang.ac.kr from other computational models (KTMAN-2, VIP-Man, and ICRP-74) 4, 7, 10) .
II. Methods
VKH anatomical images
The VKH anatomical images were obtained from the cadaver of a 33-years-old Korean male (164 cm, 55 kg), who showed no significant pathological findings apart from pneumonia and leukemia. The cadaver, which was embedded and frozen, was serially sectioned at 0.2 mm intervals with a cryomacrotome and photographed with a high-resolution digital camera (DSC560, Kodak; resolution: 3,040 x 2,008). A total of 8,590 photographic images were obtained for the whole body of the cadaver. The images were color images of very high resolution (0.1875 mm x 0.1875 mm), making it possible to delineate organs and tissues, including very small anatomical structures such as blood vessels and intestinal walls, very accurately.
Segmentation of organs and tissues
In this study, the color anatomical images were selected for every 2 mm interval, so that 850 images were selected out of the total of 8,590. The organs and tissues were segmented using both automatic and manual processes, as necessary. The organs and tissues distributed through the whole body or clearly distinguished by the RGB values were segmented automatically with Photoshop 7.0 TM and Interactive Data Language (IDL 5.6). The eyes, lenses, bones, skin, muscle, colon, small intestine, ET region, red bone marrow, and gall bladder were automatically segmented. The organs that could not be segmented automatically were segmented manually using a screen digitizer (Model:
The calculated values of the effective doses were also in good agreement for all of the models considered in this study. The difference was less than 10% for the AP and LLAT geometries and less than 30% for the PA geometry, for photon energies greater than 0.03 MeV. VIP-Man always showed the smallest values for the effective dose, mainly due to the fact that VIP-Man is much larger (186 cm, 104 kg) than the other models employed in this study.
IV. Conclusions
In this study, a high-quality voxel model of a Korean adult male was constructed using the Visible Korean Human (VKH) project's serially sectioned color anatomical images. 
